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- While “fracking” is the subject of much contention

c:

in political and social arenas, environmental

. fracturing continues to make quiet headway.

BY BILL SLACK, VICE PRESIDENT, FRX INC.

V' /i racking” 1s a household word
because of its controversial role in
energy production, but for more
than two decades the hield of envi-

ronmental fracturing has quietly

contaminated waste sites. | he pro-

cess and physics utlized during

environmental fracturing are simi-
lar to those used when fracking for oil and gas recovery,
however, significant differences exist with respect to scale,
materials, and methodology. More importantly, environ-
mental fractures are specifically designed and created for
cleaning up contammants, and therefore have avoided the
environmental controversy and resulting headlines that

surround the energy applications.

Fracturing traces its roots back to the 1940s when

wildcatters (drillers of wildcat wells, which are exploration
ol wells) developed hydraulic fracturing as a method for
stimulating the production of oil wells that was safer and
more effective than detonating nitroglycerin, which had
been the standard practice since the 1860s. The fracking
term was coined by the wildcatters. The basic technique
of all fracturing mvolves mjecting a fluid mto a well unal
the pressure exceeds a critical value and the geological
formation cracks. Solid granular materials, termed “prop-
pants,” are often mixed with the injected fluid to form a
slurry that 1s mjected into the growing fracture void, The

fracture continues to propagate during injection, but it

contributed to the remediation of |

stops and the walls of the fracture close when injection
ceases. The result is a broad, thin layer that intersects the
well and is propped open by solid granules. O1l and gas
preferentially flow from the reservoir mto these permeable
layers and thereby increase well productivity. This aspect

1s what attracted the attention of o1l and gas companies

~in the 1940s, and 1t 1s what motivates the applications in
- shale gas and other energy sectors today.

Application of fracturing technologies for contaminant
remediation was developed during an EPA-sponsored
research in the late 1980s to the mid 90s. Several compa-
nies who specialize in environmental fracturing started up
during this period, and fracturing applications have simnce
become an integral part of the contaminant remediation
industry. These practiioners have honed the specialized
methods for exploiting the chemical and biological charac-
teristics of the proppants and forms of fractures.

The injection fluid used during environmental fractur-
ing can be liquid or gas, providing some flexibility when
it comes to design options. Inducing fractures by injecting
gases 15 known as pneumatic fracturing. This approach
may be preferred when the desired remedial strategy is
sensitive to water or oxygen. For example, environmental
fractures can be created by injecting nitrogen, which pre-
vents the milux of oxygen into the subsurface. Creation
of fractures with hquids (hydraulic fracturing) may be
preferred when the remedial approach requires delivery
of large masses of proppant material. This 1s because the
concentration of sohds that can be suspended in liquids 1s

Hydraulic fracturing operations. a) Fracking Marcellus shale b) e-fracking diorite in North Carolina. Equipment:
1) Water 2) Additives 3) Sand 4) Mixer 5) Pump 6) Well. (Gas fracking picture from http://jahschem.wikispaces.com/Marcellus+Shale)
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greater than it 1s i gases. Guar gum gels are commonly | preparation techniques and injection parameters; however,
used to create environmental i‘rﬂcturing slurries, which ' the major determiming factor 1s the state of stress in the
can have a solids content of up to 50 percent by volume. | formation. Areas where the largest compressive stress 1s

Fracturing with proppant creates layers of solid material | horizontal will favor horizontal fractures (typical of shal-

in the subsurface, and it is the geometry, or form, of these | low depths), whereas vertical fractures are created where

layers that largely control application strategies. Fracture | the largest compressive stress 1s vertical (typical of greater
plane orientation ranges from horizontal to vertical (Figure | depths). Both of these orientations can be used for envi-

1). Fracture orientation can partially be influenced by well  ronmental applications.

Environmental applications

In general, environmental fracturing applications

fall into two broad catcg-:}ri{-:s: enhanced well

Natural

Science-Driven Solutions for

performance and passive treatments. Of the two,

enhanced well performance applications (increas-

ng rate per unit drawdown) are most siumilar to
fracking in the gas and oil industries. Enhancing
well performance i low permeability formations
allows more efficient removal ot contaminants for
systems that mvolve pumping (pump and treat,
soll vapor extraction, etc) or, conversely, acceler-
ates the emplacement rates and expands the distrr-
bution of fluids for systems that involve mjection
(ISCO, enhanced bio, air sparging, etc). Iractures
for passive treatment systems are created through

borings or wells that are not mtended for subse-

I r injection. Passive : 1cati
uent pumping or inject Passive applications

#of # of
Geology Sites | Fracture

EOb 100 is food grade oil that readily
mixes with water on your project site.

Glacial Till 200 4055

e High Oil Retention — Best for BioBarriers :

in high K aquifers Alluvium 145 3515
e Reduced Freight Cost — Ships as a Saprolite 180 5465

concentrate without water Resldisim 225 2055
j LDWE_I‘ car?ﬂn F_unt'prtnt Rhekiins Sedimentary Rock 20 275

sustainability criteria
° life — T lgneous/

Extended Shelf-Life — Stores on site; Metamorphic Rock 30 540

Ready when you need it
Table 1: Geologic setting of environmental fractures

EOS > e e | #of | # of
100 provides optimal ol retention Remedial Process | Sites | Fracture

in high K aquifers and soils with character- SVE 125 890

istically low oil retentlmf such as fractured Pimp And Treat a5 535

bedrock and sandy aquifers.

' Air Sparging 20 315

5 n __ Biostimulation 80 1790

Bioaugmentation 55 1115

T R U S T E 0 S ISCO 385 2420

Experience You Can Rely On, Products You Gan Trust™ ISCR 115 4675

EOS HEmEdiEﬁDﬂ, LLC EMWI;J..;‘GSI;II;%;!.}E;Zii:E.Ii.iﬂn.IZ;B;;I o | élw-.ﬂ?a.-.zﬁu.a = in.fﬂ.f.é'eﬁ.sreﬁ?.edt.aimn.{:nm i i 940

Table 2: Renedial processes that have been enhanced
— : by e-fracking
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1) Select Remedial Approach/Proppant

Remedial Solid Proppants
Potassium Permanganate
Granular ZVI/Activated Carbon
Iron-Carbon Substrate
Activated Carbon
Microbial Cultures/Nutrients
Lime/Gypsum

Injectate for Sand e-fracs
Sodium Permanganate
Sodium Persulfate
Fenton's Reagent/Nano ZV!
Emulsions (Qil, ZVI)/Molasses
Surfactants/Buffers
Air/Ozone/Steam

2) Prepare Slurry
Quartz Sand Sand Slurry

lur

i ety ._-.=:=|"|-"'" 4 s
1 I' o el = ﬁ‘:j.'_'l

e
s i e Up[f]ﬂf surface

Figure 1: Basic steps involved in the e-fracking process. 1) Reactive materials
used as proppants for passive applications, and liquids or gases that can be
injected through flow-enhanced wells; 2) Slurries created from granular solids;
3) Example of a shallow, sand-filled fracture that was excavated.

use the capabilities of environmental fracturing to deliver reactive
solids, which are emplaced and left to degrade contaminants as part
of the natural flow system (Figure 1).

Low-cost granular solids, such as medium-grained, well-sorted,
rounded quartz sand, are used to create hydraulic fractures for well
enhancement. The fractional increase in well performance improves
as formation permeability decreases, and environmental fracturing
treatments are most effective when the permeability contrast between
the environmentally fractured sand and surrounding soil/bedrock is
at least two orders of magnitude. Well productivity increases can be
significant i silty or clayey soil and in bedrock with extraction and

injection rate increases that typically range from 10 to 50 times, with

» REMEDIATION « RENEWAL = RESULTS
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increases of multiple orders of magmtude m some cases. 18 consumed, and total flow to increase. Therefore,
T'here are three primary mechanisms that lead to mnjection/ fractures support greater flow per unit of head or pres-
extracuion rate mcreases after emplacement of sand-filled | sure, 1.e. exhibit greater specific capacity.
environmental fractures: - 2. Well Skin - Pumping energy 1s lost when flow must
1. Improved Flow System - The extent and aperture go through the low permeability material smeared as a
of the fracture and the hydraulic conductvity of the skin during drilling a well. Hydraulic fractures can create
proppant cause m-sifu flux vectors to realign, head permeable pathways through this low permeability skin.
loss due to Hlow to be redistributed where less energy 3. Heterogeneities — High permeability features, such as

naturally occurring fractures or sand beds, may
occur in the vicinity of a well, but not actually

N mtersect it. Hydraulic fractures can link these 1so-
%{E{'{ﬂf lated features to the wellbore and improve recov-

The Higher the Resolution...

e
..'. -
.
i -
4 &
et

o

ery. Environmental fractures may also increase

...the Clearer Your Picture . s may |
the permeability of pre-existing features, with

......

dilation of natural bedrock fractures being the

e
. . . ™ most commonly implemented example.
= == _ o Passive applications typically involve creating
. - n ENE treatment zones by filling fractures with reactive
' . . = é; material, sealing the borehole, and then leaving
: = the materials to do their job. The matenals
Mme 0 do their job. T |
E H - 8.2 .8 used for passive applications consist of chemi-
= Euss Allv reactive solids. or mater |
e e b Ldll} reactive solids, or matenals that enhance
ey miﬁ. biological activity, such as nutrients, buffers,
E .=== ‘ and/or microbes (Figure 1). Some solids are

sufﬁciemly soluble and mobile to dispn::rsc from

AT e O F' d : P - T . their parent fracture by advection or ditfusion.
=z FINA If, Prove It, lrust It. | | s Lol |
- For instance, fractures hlled with potassium
| Undergtaﬂdfng the factors that provide a clear permanganate can be an in-situ source of a
| picture when faced with a contaminated site potent oxidant that 1s released to degrade con-
je e requires more than conventional assessment taminants for many years. This approach 1s
\\/ and monitoring methods. particularly effective in fine-grained formations,
Transect . 4 ) # )
B my To be effective you need to know where your where the flow is slow, but the contaminant
e rzc subsurface antamlnatmn zones are ana where mass 1s high enough for the region to act as a
w0 55 E» o they are going. : '
o4 gradi g contaminant source.
e Sevathond] To be clear, ¥ need a Solinst CMT or Other applications require groundwater tlow
i oo o Waterloo Multilevel System for o - e . R
: : : Vi : ' contaminants t actur
LFR Levine-Fricke and the high resolution monitoring. S T

Amertican Petroleum Institute where the remediation reactions take place. The
ability to emplace materials such as granular zero

valent iron (ZVI) make hydraulic fracturing an

Waterloo Emitter

Enhanced Bioremediation

attractive alternauve to trenching for creation of
permeable reactive barriers. Fracturing processes

are not depth limited, do not require heavy
Diffusive oxygen release for aerobic bioremediation
of BTEX, MTBE and other contaminants

. Simple installation, low maintenance

+ Continuous, uniform release :
, o A Recent work has shown that the h}fdrauhf:
« No chemicals introduced L

into subsurface

equipment, cause less surface disruption, do not
produce large volumes ol solid waste, and are

less expensive than trenching.

conductvity of ZVI can be exploited 1n lower

permeability formations to create reactive bar-

oy

riers oriented pamllcl to the groundwater flow,

i e These permeable layers will capture flow over
High Ouality Groundwater and Surface Water Monitoring fnstruinentation X _
a significant cross section upstream from the

B R o e e g B R e S s P R A At e e i i Ml S 38 g, Ty g P = T T et e =

Solinst Canada Ltd., 35 Toad Road, f]t.‘:-r..:'Fl:_ii_-i"_'{i;'r'-:-.fr.n..Dl"-il L7G 4R8B o L .- fra cture. ElCEDTdiI'l%’ to recent simulations and
instruments@solinst.com Tel:+1 (905) 873-2255:{800) 661-2023 . W alhp Y %

Fax: +1 (905) 873-1992; (800) 516-9081 ASILETEDL theoretical analyses (Figure 2). The modeling

shows that pertn{fal}le horizontal fractures can
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capture flow over an elliptical, far-field cross section that is
roughly 1.5 fracture diameters in width and 0.85 fracture
diameters 1n height.

Environmental fracturing has been commercially avail-
able for nearly two decades and today there are at least
six companies offering fracturing services to the environ-
mental industry. When surveyed, companies currently
offering environmental fracturing as a service, and the
total number of sites where this technique has been used
1s 1 the range of 800 to 1,000, and the total number of
fractures created ranges from 15,000 to 20,000 (Table 1).
The versatility of environmental fracturing techniques
has allowed application in nearly all types of geologic
materials (Table 1), to enhance a wide variety of remedial
approaches (lable 2), and to treat every major category

of contaminants.

Environmental fracturing vs. shale gas
‘fracking’

Public concern over fracking is primarily because of poten-
tal environmental impacts, especially those that would
affect drinking water sources or contribute to climate
change. Potental contamination mechanisms that have
recerved particular attention include fracture propagation
mto overlying materials (aquifers), well casing leaks into
overlying materials, and failures of surface vessels and
ponds that contain fracturing fluids. Secondary concerns
pertain to water usage, heavy equipment and truck traffic
i rural areas, as well as noise and aesthetics associated
with fracking operations.

Environmental fracturing creates fractures by injecting
fluid mto the subsurface and those fractures are typically
propped with granular solids, so in these respects the envi-
ronmental techniques are similar to their energy coun-
terparts. There are, however, some important differences
setting environmental fracturing apart:

* Shale gas fracks are designed to recover gas from
deep formations, whereas environmental fractures
are designed to remediate contaminants in shallower
formatons. Every aspect of an environmental fracture
1s optimized to clean up contaminated ground.

* Environmental fractures are created with a few hun-
dred gallons of liquid or several hundred cubic feet
of gas, whereas fracking in shale gas may use mil-
lions of gallons of fluid (Figure 1). This is important
because it 1s the volume of mjected fluid that controls
the distance the fracture will spread. The relatively
small injected volume means that fractures used for
remediation are simply too small to affect unexpected
areas.

* The additves needed to suspend solids for environ-
mental fracturing are innocuous. For example, dense
slurries can be made with potable water, guar extract
(used as texturizer in foods), borax (laundry addi-

Groundwater ——
Flow —,

ZVI-Filled
Fracture

Elliptical

Capture Area
Capture Volume

Figure 2: Finite element simulation of a 3-D capture zone during ambient ground
water flow to a high permeability ZVI-filled fracture in a low permeability formation.

tive), and a cellulose enzyme (used by brewers to
clarity beer). These ingredients are also the primary
materials used to create slurries for shale gas fracking,

| however, additional additives are required to maintain

| fluid rheology due to extreme temperature, chemical

and pressure conditions within reservoir rock. These

specialized additives are proprietary, and the primary

| source of environmental concern. These additives are

simply are not required when creating environmental
fractures.

* The pressure contained in a bicycle tire can be suffi-
clent to create an environmental fracture. In contrast,
inducing fractures in hydrocarbon reservoir bedrock
requires thousands of psi. This is important because
high pressures can potentially stress well casings and
annular seals, which can result in leaks. The low pres-
sure and small size of environmental fractures avoids

detrimental effects on wells, such as leaks.

Application of fracturing technologies for
contaminant remediation was developed

during an EPA-sponsored research in the
late 1980s to the mid 90s.

Conclusions

Environmental fractures are created by injecting gas
(pneumatic fractures) or hquid (hydraulic fractures) and
are typically filled with solid proppants. The technique has
played an important role in remediating challenging sites
n the United Stated, Canada and Europe for the past 20
years. It 1s used to increase the yields of wells, but it also is
an important technique for delivering a wide range of reac-
ave compounds that degrade contammants m situ. While
fracturing for shale gas makes headlines because of its
potential to create environmental problems, environmental
fracturing has enjoyed a long-term success because of its

ability to solve them, «

Bill Slack is the vice president at FRx Inc. To ask a question,

please contact him at wslack @ frx-inc.com.
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